Abstract. Hepatocellular carcinoma (Hcc) is the most common type of liver cancer, and exhibits a high mortality rate. Sirtuin (SirT)6 is a member of the sirtuin family, which may be useful targets in the treatment of tumors. The present study aimed to explore the expression of SirT6 in numerous Hcc cell lines and investigate the role of SirT6 in the proliferation and apoptosis of the Hcc cells, and the underlying mechanisms. overexpression and silencing of SirT6 were performed by transfection of Huh-7 cells with synthetic overexpression and small interfering rna (sirna) plasmids. cell proliferation was evaluated using a cell counting Kit-8 assay. The apoptosis rate was measured via flow cytometry. Cloning efficiency was assessed using plate clone formation assays. The expression of mrnas and proteins were determined via reverse transcription-quantitative Pcr and western blot analyses, respectively. SirT6 was overexpressed in Hep3B, Huh-7, MHcc-97H, MHcc-97l, MHcc-lM6, MHcc-lM3, YY-8103 and SK-hep-1 cell lines, compared with MiHa and Hl-7702 normal liver cell lines. overexpression of SirT6 increased the proliferation of Huh-7 cells, upregulated the expression of Bcl-2 and phosphorylation of extracellular-signal regulated protein kinase (erK), and decreased the expression of cleaved-caspase-3 and Bcl-2-associated X protein (Bax) in Huh-7 cells. sirna-mediated silencing of SirT6 decreased the proliferation and increased the apoptosis of Huh-7 cells, downregulated the expression of Bcl-2 and phosphorylated-erK, and promoted the expression of cleaved-caspase-3 and Bax. The proliferation of Huh-7 cells was decreased using the erK1/2 inhibitor u0126. The results suggested that SirT6 affected the proliferation and apoptosis of Hcc cells via the regulation of the erK1/2 pathway, altering the activation of the intrinsic apoptosis pathway. SirT6 may be a potential target for the treatment of Hcc; however, its role requires further investigation.
Introduction
in total, ~80% of primary liver cancers are hepatocellular carcinomas (Hccs) (1) . The onset of Hcc is concealed, and radiotherapy, chemotherapy and surgical treatment do not reliably improve the prognosis of patients, leading to a high mortality rate (1, 2) . Malignant proliferation and escape from apoptosis are the most important pathological features of Hcc (1, 3) . Therefore, studying the molecular mechanisms regulating the malignant proliferation and apoptosis of Hcc are required for developing effective therapeutic interventions.
The sirtuin family are class iii histone deacetylases of nicotinamide adenine dinucleotide (nad+) (4) . Previous studies have demonstrated that sirtuin family members regulate gene expression by deacetylating various non-histone proteins, contribute to various important physiological activities, including cell differentiation, apoptosis, aging and energy metabolism, and serve important roles in the formation and development of various tumors (5) (6) (7) (8) . Sirtuin (SirT)6 is localized in nuclear heterochromatin, and exhibits adenosine diphosphate-ribosyltransferase and deacetylase activities (9) . at present, the effects of SirT6 on the proliferation and apoptosis of Hcc remain unclear, and the functions of SirT6 in promotion or inhibition during progression of tumor development are controversial (10) ; however, SirT6 has exhibited the potential as a candidate target in the treatment of tumors (11, 12) . Therefore, the study of SirT6 in Hcc is urgent and valuable.
Mitogen-activated protein kinase (MaPK) is an important transmitter of signal transduction from the cell membrane to the inner nucleus (13) . extracellular-signal regulated protein kinase (erK) and c-Jun n-terminal kinase (JnK) are two subfamilies of MaPK; abnormal activation of these kinases is associated with the development of liver cancer (13) . Phosphorylation of erK can activate a variety of target molecules, including c-Jun, c-Fos and G1/S-specific cyclin-D1, promoting the development of liver cancer (14) . additionally, the JnK signaling pathway can promote the expression of downstream pathway proteins c-Jun, P53 and P21, induce the SIRT6 regulates the proliferation and apoptosis of hepatocellular carcinoma via the ERK1/2 signaling pathway TanG   1 proliferation and angiogenesis of liver cancer, and contribute towards the regulation of the cell cycle and apoptosis of liver cancer cells (14) . Therefore, the activation of the erK1/2 signaling pathway may be a mechanism underlying the development of Hcc. The present study aimed to evaluate the expression of SirT6 in various Hcc cell lines, and investigate the role of SirT6 in cell proliferation and apoptosis, further determining the involvement of the erK1/2 signal pathway. The present study provided novel insight into the role of SirT6 in Hcc, and the potential underlying mechanisms.
Materials and methods
Cell culture, plasmid, grouping and transfection. Hl-7702, Mi H a, Hep3B, Huh-7, MHcc-97H, MHcc-97l, MHcc-lM6, MHcc-lM3, YY-8103, SK-hep-1 cell lines were all obtained from the Type culture collection of the chinese academy of Sciences. The Hl-7702 cell line is a normal liver cell line, and was used as a control group. Hl-7702 and MiHa cells were cultured in rPMi-1640 medium (Thermo Fisher Scientific, inc.); Hep3B, Huh-7, MHcc-97H, MHcc-97l, MHcc-lM6, MHcc-lM3, YY-8103, SK-hep-1 cell lines were cultured in dMeM (Thermo Fisher Scientific, inc.). Medium was supplemented with 10% fetal bovine serum (Hyclone; Ge Healthcare life Sciences), and cells were cultured at 37˚C with 5% CO 2 . cells were subcultured every 2-3 days. The SirT6 overexpression plasmid, the negative control (nc) plasmid (empty pcdna3.1 vector), the plasmid containing small interfering rna against SirT6 (siSirT6) and the plasmid containing nc-sirna were synthesized by Shanghai GenePharma co., ltd. The sequences of oligonucleotides were as follow: siSirT6, 5'-Tca TGa ccc GGc Tca TGa a-3'; nc-sirna, 5'-Tca ccc aTc GGT acG TGa a-3'. Huh-7 cell line was divided into 3 groups: control (blank); nc or sinc (cells transfected with the nc plasmid or nc-sirna plasmid); and SirT6 overexpression or siSirT6 groups (cells transfected with the SirT6 overexpression or siSirT6 plasmid). To further explore whether SirT6 affects the proliferation and apoptosis of Hcc cells by regulating the erK1/2 pathway, the cells were treated with 10 µM U0126 at 37˚C for 24 h, and u0126 treatment and transfection occurred simultaneously. Huh-7 cells were also separated into control (blank), nc (cells transfected with the nc plasmid), SirT6 (cells transfected with the SirT6 overexpression plasmid), u0126 (cells treated with 10 µM u0126), SirT6 + u0126 (cells transfected with the SirT6 overexpression plasmid and treated with 10 µM u0126) groups for the measurement of cell proliferation using erK1/2 inhibitor u0126. Transfection was conducted using lipofectamine™ 2000 transfection reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocols. Following transfection for 48 h, cells were used to subsequent experiments.
Cell proliferation assay. cell proliferation was assayed using a cell counting Kit-8 (Sigma-aldrich; Merck KGaa) at 0, 24 and 48 h following transfection. Procedures were performed according to the manufacturer's protocols. cells (3x10 3 cells/well) were then incubated in a 96-well plate for 1 h at 37˚C, and the optical density (OD) was measured at 450 nm using a microplate reader (Multiskan™; Thermo Fisher Scientific, Inc.).
Measurement of apoptosis via flow cytometry.
Following transfection for 48 h, Huh-7 cells were washed with PBS and dissociated with 0.25% trypsin for 2 min at 37˚C. Cells (1-5x10 5 ) were centrifuged at 800 x g for 5 min and collected. using an annexin V-FiTc apoptosis Staining/detection kit (abcam), 195 µl annexin V binding solution, 6 µl annexin V and 4 µl propidium iodide were added to cells, and then mixed gently by pipetting. cells were incubated at room temperature for 20 min in the dark, and immediately analyzed using a flow cytometer (Bd FacScanto ii; Bd Biosciences) and FacSdiva software version 6.1.2 (Bd Biosciences) to detect the apoptosis rate. Flow cytometry demonstrated that the advanced apoptotic cells were in the upper right quadrant, and the early apoptotic cells were in the lower right quadrant. The apoptotic rate was the sum of the early and advanced apoptotic rates.
Plate clone formation assay. Transfected cells were collected and inoculated into a 100-mm dish at a concentration of 200 cells/dish following transfection for 48 h. G418 (700 µg/ml; abcam) was added to the medium and mixed to detect positive cell clones for 3 weeks until visible cell clones emerged. Fresh medium was replaced every 3 days. The supernatant was then discarded, and the cells were gently washed with PBS twice. Cells were fixed with methanol for 15 min at room temperature, and stained with crystal violet for 10-30 min at room temperature. cells were then washed slowly with running water and dried. each cell clone on the dishes was counted and photographed under a light microscope (magnification, x40).
Assessment of mRNA levels via reverse transcriptionquantitative (RT-q)PCR.
Total rna was extracted using Trizol ® (Invitrogen; Thermo Fisher Scientific, Inc.) and 1 µg of rna of each sample was transcribed into cdna using an iScript™ cdna Synthesis kit (Bio-rad laboratories, inc.). The reverse transcription reaction was performed at 42˚C for 15 min, followed by reverse transcriptase inactivation at 85˚C for 15 sec. a Fast Start universal SYBr-Green Master kit (roche diagnostics) was used to perform qPcr. The primers used for the reaction are presented in Table i . The reaction system was the following: 2X SYBr-Green Master Mix (12.5 µl); cdna template (2 µl); forward primer (10 µM; 1 µl); reverse primer (10 µM; 1 µl); and ddH 2 o (8.5 µl). qPcr was conducted as follows: 95˚C for 10 min, then 40 cycles of 95˚C for 15 sec, 60˚C for 1 min and 72˚C for 3 min. qPCR was conducted in a cFX96 Touch™ system (cat. no. 6093; Bio-rad laboratories, inc.). The 2 -ΔΔcq method (15) was used to calculate the relative mrna expression in samples; GaPdH was used as an internal reference.
Extraction of total protein and western blotting. cells were collected and washed with PBS, and riPa buffer (Beijing Solarbio Science & Technology co., ltd.) was added to lyse the cells according to the manufacturer's protocols. cells were then centrifuged at 4˚C and 16,000 x g for 15 min to remove the cell debris and supernatant, and total protein was collected. The concentration of total protein was determined using a Pierce™ Bca Protein assay kit (Thermo Fisher Scientific, Inc.). Standard protein was diluted to 1, 0.5, 0.25, 0.125 and 0.0625 g/ml respectively, then 2 µl samples and standard proteins were added to a 96-well plate. Bca reagent was subsequently added, and plates were incubated at 37˚C for 30 min. The od at 562 nm was detected using a microplate reader. a standard curve was drawn, and the concentration of the total protein was then calculated.
Total protein (30 µg) from each sample was denatured at 95˚C for 10 min, and proteins were separated via 10% SdS-PaGe at 100 V for 2 h. Proteins were transferred onto PVdF membranes using a wet transfer electrophoresis tank (Bio-rad laboratories, inc.) at 90 V for 2 h, and then blocked in 5% non-fat milk for 1 h at room temperature. Membranes were then incubated overnight at 4˚C with the following primary antibodies: anti-SirT6 (1:2,000; cat. no. ab191385; abcam); anti-cleaved-caspase-3 (asp175; 1:2,000; cat. no. 9664; cell Signaling Technology, inc.); anti-Bcl-2 (1:2,000; cat. no. ab32124; abcam); anti-Bax (1:2,000; cat. no. ab32503; abcam); anti-GaPdH (1:2,000; cat. no. ab181602; abcam); anti-erK1/2 (1:2,000; cat. no. ab17942; abcam); and anti-phosphorylated (p)-erK1 (T202) + erK2 (T185; 1:2,000; cat. no. ab201015; abcam). Membranes were washed three times with PBS-0.05% Tween 20 (PBST; Beijing Solarbio Science & Technology co., ltd.) for 5 min, and the horseradish peroxidase-conjugated secondary antibody (1:2,000; cat. no. ab6721; abcam) was added. Membranes were then incubated for 1 h at rT, and bands were visualized using Pierce™ ECL Plus western blotting substrate (Thermo Fisher Scientific, inc.) following three washes in PBST. The densitometry was performed using the Bio-rad chemidoc system with image lab software version 6.0 (Bio-rad laboratories, inc.).
Statistical analysis. data were analyzed using GraphPad Prism 7.0 software (GraphPad Software, inc.). all data were presented as the mean ± standard deviation. one-way anoVa followed by Tukey's post hoc test were used to compare between groups. P<0.05 was considered to indicate statistical significance. 
Results

SIRT6 is overexpressed in HCC cell
Overexpression of SIRT6 increases the proliferation of Huh-7 cells.
To investigate the effects of upregulated expression of SirT6 on the proliferation and apoptosis of Hcc cells, the proliferation, cloning efficiency and apoptosis of Huh-7 cells was evaluated following overexpression of SirT6. overexpression of SirT6 mrna and protein was demonstrated in Huh-7 cells (P<0.01; Fig. 2a and B) , and the proliferation of transfected Huh-7 cells was significantly increased compared with the control or nc groups at 24 and 48 h following transfection (P<0.05; Fig. 2C ). Cloning efficiency was increased in the SirT6 overexpression group compared with the control or nc groups (P<0.01; Fig. 2e) ; however, the apoptosis rate was not significantly affected by SIRT6 overexpression (Fig. 2D) . The results suggested that overexpression of SirT6 may promote the proliferation of Hcc; however, its effects on apoptosis require further investigation.
Knockdown of SIRT6 decreases the proliferation, and increases the apoptosis rate of Huh-7 cells.
To further determine the role of SirT6 in Hcc, the effects of silencing SirT6 on the proliferation and apoptosis of Huh-7 cells was investigated. it was revealed that SirT6 expression was suppressed in Huh-7 cells following transfection with siSirT6 (P<0.01; Fig. 3a and B) . additionally, the proliferation of cells in the siSIRT6 group was significantly decreased compared with the control and si-nc groups at 24 and 48 h (P<0.05; Fig. 3c) . Furthermore, the cloning efficiency of siSIRT6-transfected cells was significantly reduced compared with the control and si-nc groups as well (P<0.01; Fig. 3e ). The apoptosis rate was also significantly increased in siSIRT6 the group compared with the controls (P<0.01; Fig. 3d) . collectively, the results indicated that the downregulation of SirT6 decreased the proliferation and increased the apoptosis of Hcc cells, opposing effects to the results observed following the overexpression of SirT6.
Intrinsic apoptosis pathway suppression and activation following SIRT6 overexpression or knockdown, respectively, in Huh-7 cells.
To evaluate the activity of the intrinsic apoptosis pathway, the mrna expression of Bcl-2 and Bax was determined via rT-qPcr analysis, and protein levels of Bcl-2, Bax and cleaved-caspase-3 were measured via western blotting. it was revealed that the expression of Bcl-2 in the SIRT6 overexpression group was significantly upregulated compared with the control or nc groups, and the expression of Bax and cleaved-caspase-3 was significantly downregulated (P<0.05; Fig. 4a, c and e) . opposing results were observed following siSirT6-mediated knockdown of SirT6 (P<0.01; Fig. 4B, d and F) . The results indicated that overexpression of SirT6 downregulated the intrinsic apoptosis pathway in Hcc cells, whereas silencing SirT6 induced opposing effects.
Activation of the ERK1/2 signal pathway may be involved in the SIRT6-mediated regulation of the proliferation of Huh-7 cells.
To investigate the mechanisms underlying the effects of SirT6 on proliferation and apoptosis, the expression of erK1/2 and p-erK1/2 were determined following overexpression or knockdown of SirT6. additionally, the role of the erK1/2 signal pathway in the effects of SirT6 was explored by measuring the effects of the erK1/2 inhibitor u0126 on the proliferation of SirT6-overexpressing Huh-7 cells. it was demonstrated that the phosphorylation of erK1/2 was significantly increased in the SIRT6 overexpression group (P<0.01; Fig. 4G and i) , and decreased in the siSirT6 group compared with the control and nc groups (P<0.01; Fig. 4H and J) . additionally, it was revealed that the proliferation of Huh-7 cells was significantly decreased in the SirT6 + u0126 group compared with the SirT6 group (P<0.05), and was significantly decreased in the U0126 group compared with the control (P<0.05; Fig. 5) . collectively, the results suggested that the erK1/2 signal pathway was activated by overexpression of SirT6 and downregulated by knockdown of SirT6, and that the erK1/2 signal pathway may be involved in the SirT6-mediated regulation of Hcc cell proliferation.
Discussion
in the present study, the expression of SirT6 was measured in various Hcc and normal liver cell lines, and the effects of altering SirT6 expression on the proliferation and apoptosis of Huh-7 cell lines was evaluated. Furthermore, the involvement of the erK1/2 signal pathway in the SirT6-regulated proliferation of Huh-7 cells was investigated, providing novel insight into potential target mechanisms for the treatment of Hcc.
The results of the present study demonstrated that SirT6 was overexpressed in various Hcc cell lines. ran et al (16) also reported that SirT6 was highly expressed in Huh-7, HepG2, Plc/PrF/5, SMMc-7721, Hep3B and SK-Hep-1 cell lines. collectively, these studies have demonstrated the overexpression of SirT6 in a number of Hcc cell lines, indicating the value of studying SirT6 in Hcc.
The present study revealed that Huh-7 cell proliferation and cloning efficiency were increased after SIRT6 was overexpressed, and that they were decreased after the SirT6 was silenced. The apoptosis rate of cells in the SirT6 overexpression group was not significantly different to those in the control group; however, it was significantly increased following siSIRT6 transfection. Therefore, the results indicated that the expression of SirT6 was positively associated with the proliferation, and negatively associated with the apoptosis of Hcc cells. Feng et al (17) reported that SirT6 promoted the tumorigenicity of Hcc cells. Song et al (18) revealed that following knockout of SirT6 by criSPr/cas-9, Hcc cells exhibited decreased viability and invasiveness. These reports are consistent with the observations of the present study; however, Wang et al (19) demonstrated that the overexpression of SirT6 attenuated HepG2 and HcclM3 cell proliferation. Similarly, Zhang and Qin (20) reported that knockdown of SirT6 promoted the growth of HepG2 cells, whereas the overexpression of SirT6 inhibited HepG2 cell growth. it is proposed that this may be due to SirT6 performing distinct functions in different Hcc cell lines and tumor cells, HepG2 is a hepatoblastoma cell line (21); however, this requires further investigation (22, 23) .
The intrinsic apoptosis pathway is regulated by the Bcl-2 protein family, and involves mitochondrial outer membrane permeabilization (MoMP) via Bax (24) . MoMP results in the release of proapoptotic intermembrane space proteins which ultimately promote apoptosome formation, resulting in caspase-9 engagement, and caspase-3 and -7 activation, leading to the apoptosis of cells (24, 25) . Thus, the expression levels of Bcl-2, Bax and cleaved-caspase-3 are indicators of the activation of intrinsic apoptosis pathway (26, 27) . Tumor cells suppress apoptosis via various mechanisms, including promoting the expression of Bcl-2 or downregulating proapoptotic proteins such as Bax (28, 29) . Sui et al (30) reported that overexpression of rab31 in Huh-7 cells promoted growth by increasing the Bcl-2/Bax ratio. The present study demonstrated that the expression of Bcl-2 was upregulated, whereas the levels of Bax and cleaved-caspase-3 were downregulated following overexpression of SirT6, with opposing effects observed following silencing of SirT6. The results indicated that activation of the intrinsic apoptosis pathway may be negatively associated with the expression of SirT6 (31) .
erK is a notable serine/threonine protein kinase in the MaPK family (32) . abnormal activation of erK results in the upregulation of a series of target genes such as matrix metalloproteinase-2 (MMP-2) and vascular endothelial growth factor, promoting the proliferation and invasion of various tumor cells (33, 34) . The results indicated that the erK1/2 signal pathway was activated following overexpression of SirT6 and deactivated by the downregulation of SirT6. after using the erK1/2 signal pathway inhibitor u0126, the SirT6 overexpression-induced increase in Huh-7 cell proliferation was attenuated. Huang et al (35) revealed that paxillin promoted Bcl-2 activation via paxillin-mediated erK activation, which was associated with tumor formation efficacy in mice in a study of colorectal cancer. Bai et al (12) also reported that the overexpression of SirT6 promoted the migration and invasion of non-small cell lung cancer cells via the erK1/2/MMP-9 pathway. These reports indicated that overexpression of SirT6 can activate the erK1/2 pathway and therefore suppresses the intrinsic apoptosis pathway, promoting the development of Hcc. conversely, Wang et al (19) observed that the overexpression of SirT6 reduced the expression of p-erK in HepG2 and HcclM3 cells. Zhang and Qin (20) revealed that overexpression of SirT6 inhibited erK1/2, and that inhibiting the pathway with u0126 attenuated the tumor-suppressive effects of SirT6 overexpression. Thus, further investigation is required to determine the precise roles of SirT6 and the erK1/2 signaling pathway in Hcc.
SirT6 is an nad(+)-dependent deacetylase. a previous study identified SIRT6 protein as a potential drug target (36) .
Progress has been made in the study of the SirT6 structure and its inhibitors, and certain small molecules with improved inhibition of the biological functions of STir6 have been discovered (37) (38) (39) . The present findings suggested that SirT6 is a potential target for the treatment of liver cancer; however, this study also possessed certain shortcomings. Huh-7 cells were selected for further experiments as they exhibited the highest SirT6 expression out of the 8 Hcc cell lines; however, these proliferation and apoptosis results can be more fully demonstrated if multiple Hcc cell lines were used. animal experiments should be conducted in future studies to validate the present findings in vivo. in addition, erK is involved in the transduction of numerous signaling pathways, including the MaPK,Pi3K/aKT and STaT pathways. it was demonstrated that SirT6 contributed to tumor development by regulating erK phosphorylation; the downstream mechanisms should be explored in subsequent studies.
in conclusion, SirT6 regulated the proliferation and apoptosis of Hcc cells via the regulation of the erK1/2 pathway, affecting the activation of the intrinsic apoptosis pathway. The present study revealed that SirT6 may be a potential target in the gene therapy of Hcc; however, the role of SirT6 in Hcc requires further validation.
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